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§5. Operation of Arc-Detection-System 
Mizuno, Y., Kubo, S., Shimozuma, T., 
Idei, H., Yoshimura, K., Takita ,Y., Kobayashi, S., 
Ito, S., Ohkubo, K. 
High power millimeter wave power is generated by 
gyrotrons and transmitted through corrugated waveguide 
system to produce and heat the plasma in LHD. One of the 
main problems in the high power millimeter wave 
transmission line is an arcing inside the waveguide system 
or near the vacuum window. An arc near a gyrotron-window 
or a vacuum-vessel-window can electrically or thermally 
damage the window itself or gyrotron. If an arc occurred 
inside the waveguide, excited shock wave can mechanically 
damage the window or transmission line components. The 
threshold power of arcing has been degraded by dusts, 
especially near the miter bends. In this sense, the control of 
the dust inside the transmission line is important, but, 
protecting the gyrotron and window by reducing the damage 
is more urgent. Stopping an arcing before its growth up is 
effective to reduce the damage. We can prevent growth of an 
arc by terminating the output of a gyrotron at an initial stage 
of arc. This is the main purpose of an arc-detection-system. 
Before the fifth experimental campaign, we have prepared 
an arc-detection-system. Details of the arc-detection-system 
are found in Reference 1. 
During the fifth experimental campaign, this 
arc-detection-system worked effectively. Fig.l shows a 
monthly data of the number of arcs detected. At the 
beginning two months, relatively many arcs are detected, 
because the (dust) condition of transmission line was bad 
and each gyrotron output power and pulse width had been 
increased. As the experiment proceeded, the occurrence of 
the arc decreased. A slight increase in the occurrence of the 
arcs in January might be due to the degradation of the 
condition of transmission lines during the New Year 
holydays. Fig.2 shows detected number of arcing at various 
positions. The number of arcings are plotted on each 
position of the sensor units. The position is shown in fig.3. A 
sensor at MOU directly watches each gyrotron window. 
Every sensor at points A, B, C watches forward and 
backward directions. Polarizers were installed in both sides 
of A. It is clear that the occurrence at MOU is outstandingly 
high. It can be interpreted as high power in the MOU and/or 
as wrong operation due to the EM noise of the high voltage 
power supply. In a transmission line, an arc occurred 
frequently at point C compared with points A and B. The 
point C is at the bottom of a long vertical transmission line 
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and the remainder dust in the waveguide can stack here. The 
arc at C might trigger the next arc at A and B. Forced dry air 
from LHD window to MOU blows in each line. When the 
arc occurred at C, ozone and other activated gas appears. As 
far as this gas exists, the arcing threshold power will be low. 
In the present operating condition, 10 minutes is necessary 
to relieve the threshold level. 
This system worked effectively to operate a gyrotron and 
transmission system safely. Hereafter, it is important to 
increase the reliability of arc-detection-system, especially, 
not to suffer EM noise near the MOU. 
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Fig.1. The number of arc detection in every month. 
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Fig.2. The number of an arc detection at various position 
shown in fig.3. 
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Fig.3. ECH system and arc detection points. 
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